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PROCESS FOR PREPARING 4-TRIFLU0R0METHYLSULPHINYLPYRAZ0LE DERIVATIVE 
This invention relates to improved processes for preparing 
1 -arylpyrazole pesticides such as 5-amino-l-(2,6-dichloro-4- 
trifluoromethy!phenyl)-3-cyano-4-trifluoromethylsulphxnylpyra2ole 
5 known as Fipronil (Pesticide Manual 1 1 * Edition), and for the 

intermediates used in its preparation 5-amino-l-(2,6-dichloro-4- 
trifluoromethylphenyl)-3-cyano-4-trifluoromethylthiopyrazole and 5- 
amino-l-(2,6-dichloro-4-trifluoromethylphenyl>3-cyanopyrazol-4-y] 

disulphide. 

t o European Patent Publication No.295 1 1 7 describes the 

preparation of 5-amino-l-(2,6-dichloro-4-trifluoromethylphenyl)-3- 
cyano-4-trifluoromethylsulphinylpyrazole by the oxidation of 5-araino- 
l-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4- 
trifluoromethylthiopyrazole with 3-chloroperbenzoic acid. The use of 

1 5 trifluoroacetic acid and hydrogen peroxide (forming trifluoroperacetic 

acid in situ ) for the oxidation of sulphides to sulphoxides and/or 
sulphones is known and is generally useful for the oxidation of electron 
deficient sulphides such as trifluoromethylsulphides which are less 
readily oxidised than other sulphides. Such procedures have been 

20 reported in the literature, for example in the preparation of certain 1- 

arylpyrazole pesticides. 

A problem encountered in the preparation of 5-amino-l-(2,6- 
dichloro-4-trifluoromethylphenyl)-3-cyano-4- 

trifluoromethylsulphinylpyrazole by the oxidation of 5-amino-l-(2 5 6- 

25 dichloro-4-trifluoromethy lpheny l)-3 -cy ano-4- 

trifluoromethylthiopyrazole is the co-formation of the corresponding 
sulphone compound 5-amino-l-(2,6-dichloro-4-trifluoromethylphenyl)- 
3-cyano-4-trifluoromethylsulphonylpyrazole, which is difficult to 
remove from the sulphoxide. A number of oxidants (including amongst 

30 others sodium vanadate, sodium tungstate, peracelic acid ? performic acid 

and pertrichloroacetic acid) have been employed in an attempt to obtain 
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an efficient and regioselective oxidation which will provide 5-amino-l- 
(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4- 
trifluoromethylsulphinylpyrazole in pure form and which may also be 
utilised for large scale preparations. All of the above methods were 
found to be unsatisfactory in one respect or another. 

It has now been found that a mixture of trifluoroacetic acid and 
hydrogen peroxide (trifluoroperacetic acid) gives excellent results in 
terms of both selectivity and yield. 

However a problem of using the trifluoroacetic acid and hydrogen 
peroxide mixture on large scales is that it leads to corrosion of the glass 
linings of industrial reaction vessels, which is rapid (typically 
300^m/year) even at ambient temperatures, whilst at 80°C the speed of 
corrosion increases to about 1430|im/year. This corrosion occurs as a 
result of the formation of hydrogen fluoride, and therefore prohibits the 
use of this reagent mixture in such vessels. 

It has now been found that the addition of a corrosion inhibiting 
compound such as boric acid to the reaction mixture inhibits the 
corrosion process and reduces the speed of corrosion to a level that is 
typically less than 5^im/year. 

European Patent Publication No. 0374061 and J-L.Clavel et.al. in 
J.Chem.Soc.Perkin I, (1992), 3371-3375 describe the preparation of 5- 
amino-l-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyanopyrazol-4-yl 
disulphide, and the further conversion of this disulphide to the 
pesticidally active 5-amino- 1 -(2,6-dichloro-4-trifluoromethylphenyl)-3- 
cyano-4-trifluoromethylthiopyrazole by reaction with trifluoromethyl 
bromide in the presence of sodium formate and sulphur dioxide in N,N- 
dimethylformamide in an autoclave at low pressure (typically 13 bars) at 
60°C. 
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However on larger scales the reaction is very exothermic which 
results in a substantial pressure increase in the vessel and associated 
operator hazard. 

Moreover it is necessary* to add the trifluoromethyl bromide 
quickly (generally within 0.5 hour), because the mixture of disulphide, 
sodium formate, sulphur dioxide and N,N-dimethylformamide has been 
found to be unstable (typically leading to 55% degradation into 
unwanted by-products within 2 hours at 50°C). This requirement for 
rapid addition of trifluoromethyl bromide is not compatible with the 
exothermic nature of the reaction. 

In order to overcome these problems and develop a process which 
can be used on a large scale other conditions have been sought. 

In the above described procedures the reaction was performed by 
addition of the trifluoromethyl bromide to a mixture of the other 
components. A new process has now been developed in which the order 
of addition is different. 

European Patent Publication No. 0374061 describes the 
preparation of 5-amino-l-(2,6-dichloro-4-trifluoromethylphenyl)-3- 
cyanopyrazol-4-yl disulphide by the reaction of 5-amino-l-(2,6- 
dichloro-4-trifluoromethylphenyl)-3-cyano-4-thiocyanatopyrazolc with 
base, and the further conversion of this disulphide to the pesticidally 
active 5-amino- 1 -(2,6-dichloro-4-trifluoromethy lphenyl)-3 -cy ano-4- 
trifluoromethylthiopyrazole. 

European Patent Publication No. 2951 17 discloses a process for 
the preparation of l-aryl-3,5-disubstituted-pyrazol-4-yl disulphides by 
the hydrolysis of the corresponding 4-thiocyanatopyrazole derivatives 
using hydrochloric acid in ethanol, or by reduction using sodium 
borohydride in ethanol, or by treatment with aqueous sodium hydroxide 
under phase transfer conditions in the presence of chloroform and 
benzyltriethylammonium chloride. 
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The preparation of the above 5-amino- 1 -ary 1-3 -cyano-4- 
thiocyanatopyrazole intermediates is also described in European Patent 
Publication Numbers 037406 1 and 295 1 1 7, and these are obtained by 
the thiocyanation of the corresponding 5-amino- l-aryl-3-cyanopyrazole 
derivatives using an alkali metal or ammonium thiocyanate in the 
presence of bromine and methanol at low temperature. 

The above 2-step process for the preparation of 5-amino- l-aryl-3- 
cyanopyrazol-4-yl disulphide intermediates from 5-amino- l-aryl-3- 
cyanopyrazoles presents several problems which limit its usefulness for 
application on large scales: 

i) the thiocyanation step is generally performed at very low 
temperatures, 

ii) the mixture of bromine and methanol used in the 
thiocyanation reaction may form explosive mixtures, 

iii) the above reactions involve heterogeneous mixtures, and 

iv) it is difficult to obtain complete transformations to product 
in either reaction stage. 

In order to overcome these problems other conditions have been 
sought. Thus the explosive hazard may be avoided in the thiocyanation 
reaction by replacing the methanol with a mixture of dichloromethane 
and water, however this procedure is not efficient on large scales. 

The thiocyanation reaction may alternatively be successfully 
carried out using an alkali metal or ammonium thiocyanate in the 
presence of hydrogen peroxide and a mineral acid such as hydrochloric 
acid in a solvent such as an alcohol for example methanol. An improved 
procedure for the subsequent hydrolysis step has been found which 
involves the use of a base such as an alkali metal hydroxide, for example 
sodium hydroxide, in the presence of formaldehyde and a solvent such 
as aqueous methanol, however the disulphide thus obtained is very 
powdery and difficult to filter. Furthermore in order to obtain the above 
disulphide in satisfactory quality it is necessary to subject the starting 
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material 5-amino-l-aryl-3-cyanopyrazole to additional purification 
before it is used in the thiocyanation and hydrolysis reactions. 

Hence it may be appreciated that the above 2-step procedure is 
inefficient for an industrial process, and a single step method lacking 
these disadvantages would clearly be preferred. 

The present invention seeks to provide improved or more 
economical methods for the preparation of pesticides. 

It is a first object of the present invention to provide a convenient 
process for preparing 5-amino-l-aryl-3-cyano-4- 

trifluoromethylsulphinylpyrazole pesticides, which are obtained in high 
yield and high purity. 

It is a further object of the present invention to provide a process 
for preparing 5 -amino- 1 -aryl-3-cyano-4- 

trifluoromethylsulphinylpyrazole pesticides which is simple and safe to 
perform, and which results in minimal vessel corrosion. 

It is a further object of the present invention is to provide a process 
for the preparation of 5-amino-l-aryl-3-cyano-4- 

trifluoromethylsulphinylpyrazolc pesticides which includes an efficient 
recovery procedure for the trifluoroacetic acid. 

It is a further object of the present invention to provide a 
convenient process for preparing 5-amino-l-aryl-3-cyano-4- 
trifluoromethylthiopyrazole pesticides and pesticidal intermediates, 
which are obtained in high yield and high purity with improved 
transformation of the 5-amino-l-aryl-3-cyanopyrazol-4-yl disulphide. 

It is a further object of the present invention to provide a process 
for preparing 5-amino-l-aryl-3-cyano-4-trifluoromethylthiopyrazole 
pesticides and pesticidal intermediates, which is simple and safe to 
perform, is operated at lower pressures and temperatures, and in which 
side reactions are minimised. 
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It is a further object of the present invention to provide a 
convenient process for preparing 5-amino-l-aryl-3-cyanopyrazol-4-yl 
disulphide pesticidal intermediates, which are obtained in high yield and 
high purity. 

It is a further object of the present invention to provide a single 
step process for preparing 5-amino-l-aryl-3-cyanopyrazol-4-yl 
disulphide pesticidal intermediates from 5-amino-l-aryl«3- 
cyanopyrazole intermediates. 

It is a further object of the present invention to provide a process 
for preparing 5-amino-l-aryl-3-cyanopyrazol-4-yl disulphide pesticidal 
intermediates which is simple and safe to perform, utilises readily 
available materials, allows efficient isolation of the product and does not 
require additional purification of the 5-amino-l-aryl-3-cyanopyrazole 
starting material. 

It is a further object of the present invention to provide a 
convenient process for preparing 5-amino- 1 -ary 1-3-cy ano-4- 
trifluoromethylsulphinylpyrazole pesticides by a three step process 
starting from 5-amino- 1 -ary 1-3 -cyanopyrazoles. 

These and other objects of the invention will become apparent 
from the following description, and are achieved in whole or in part by 
the present invention. 

According to a feature of the present invention there is provided 
an improved process (A) for the preparation of a compound of formula 

(I): 
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(I) 

wherein W represents nitrogen or -CR^ ; 

Rl represents halogen, haloalkyl (preferably trifluoromethyl), 
haloalkoxy (preferably trifluoromethoxy), R 4 S(0) n - s or -SF5; 

R2 represents hydrogen or halogen (for example chlorine or 
bromine); 

r3 represents halogen (for example chlorine or bromine); 
R 4 represents alkyl or haloalkyl; and 
n represents 0,1 or 2; which process comprises oxidising a 
compound of formula (II): 




(II) 

wherein R*, R^ and W are as hereinbefore defined, with 
trifluoroperacetic acid in the presence of a corrosion inhibiting 
compound. 

In a preferred embodiment of the invention the trifluoroperacetic 
acid is generated in situ by the reaction of trifluoroacetic acid and 
hydrogen peroxide. Accordingly, this embodiment comprises treating a 



01/30760 



- 8 - 



PCT/EP99/08687 



compound of formula (II) as defined above with trifluoroacetic acid and 
hydrogen peroxide. 

Unless otherwise specified in the present specification 'alkyl' 
means straight- or branched- chain alkyl having from one to six carbon 
atoms (preferably one to three). Unless otherwise specified 'haloalkyl' 
and 'haloalkoxy' are straight- or branched- chain alkyl or alkoxy 
respectively having from one to six carbon atoms (preferably one to 
three) substituted by one or more halogen atoms selected from fluorine, 
chlorine and bromine. 

When R 1 represents R^S(0) n - and n is 0 or 1, the process may 
bring about oxidation to the corresponding compound in which n is 1 or 
2, respectively. 

The corrosion inhibiting compound is generally boric acid or an 
alkali metal borate such as sodium borate; or any hydrogen fluoride 
trapping agent such as silica (silicon dioxide), optionally in the form of 
silica oil. Preferably the corrosion inhibiting compound is boric acid. 

The amount of corrosion inhibiting compound used is generally 
0.08-0.22 molar equivalents, and preferably about 0.08-0.1 molar 
equivalents. 

The amount of trifluoroacetic acid employed is generally from 14- 
1 5 molar equivalents. 

The amount of hydrogen peroxide influences the reaction since an 
excess will lead to the formation of the corresponding sulphone of the 
compound of formula (1), whilst a deficiency will lead to incomplete 
transformation, and in either event an impure final product is obtained. 
Thus the amount of hydrogen peroxide used in the reaction (generally as 
a 35% aqueous solution) is generally from 1 .3-1.5 equivalents, 
preferably about 1.31-1.35 equivalents and more preferably about 1.33 
equivalents. 
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The reaction is generally performed at a temperature of from 1 0- 
1 5°C and preferably at about 12°C. 

A further problem associated with the use of trifluoroacetic acid 
and hydrogen peroxide concerns the recovery and recycling of the 
expensive trifluoroacetic acid which is essential for the operation of an 
economically efficient process. In one procedure that was developed in 
an attempt to solve this problem, the reaction mixture was quenched 
with sulphur dioxide and a part of the trifluoroacetic acid removed by 
distillation. An excess of ethanol was then added to the residue to form 
ethyl trifluoroacetate which was then removed by distillation. The 
product was then crystallised from a mixture of ethanol/water. This 
procedure was found to have two disadvantages: 

i) the ethanol/water mixture does not provide sufficiently pure 5- 
amino-l-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyanO"4- 
trifluoromethylsulphinylpyrazole; and 

ii) the recycling of trifluoroacetic acid via the acid hydrolysis of 
ethyl trifluoroacetate is a complex process on a large scale and generates 
a large quantity of unwanted sodium sulphate thus presenting a waste 
problem. 

A new procedure has now been found which solves both of these 
problems and thus provides a simple and efficient method for the 
preparation of 5-amino-l -(2,6~dichloro-4-txifluoromethylphenyl)-3- 
cyano-4-trifluoromethylsulphinylpyrazole in high yield and purity, and 
in addition provides an efficient recovery procedure for trifluoroacetic 
acid. In this process, when the reaction in trifluoroacetic acid and 
hydrogen peroxide is judged to be complete, the excess of hydrogen 
peroxide is generally quenched with sulphur dioxide (or equivalent 
reagent), chlorobenzene is added and the trifluoroacetic acid removed by 
distillation. Typically the trifluoroacetic acid is removed by azeotropic 
distillation under reduced pressure. An alcohol such as methanol, 
ethanol or isopropanol (preferably ethanol) is then added to the residue 



WO 01/30760 



- 10 - 



PCT/EP99/08687 



and warmed to about 80 C until a solution is formed, and then cooled to 
about 40°C when the 5-amino-l-(2,6-dichloro-4- 
trifluoromethylphenyl)-3-cyano-4-trifluoromethylsulphinylpyrazole 
crystallises. The alcohol is evaporated at 40°C under reduced pressure, 
the mixture cooled to about 0°C, filtered, and the product washed and 
dried in vacuo. Chlorobenzene has been found to be the only industrial 
solvent which is compatible with the mixture, has a boiling point 
significantly higher than that of trifluoroacetic acid, and allows 
crystallisation of 5-amino- 1 -(2,6-dichIoro-4-trifluoromethylphenyl)-3- 
cyano-4-trifluoromethylsulphinylpyrazole in good yield and quality. 

Thus a preferred aspect of the process of the invention as 
described above ftirther comprises adding chlorobenzene to the reaction 
mixture on completion of the oxidation reaction, and recovering the 
trifluoroacetic acid by distillation. 

According to a further feature of the present invention there is 
provided an improved process (B) for the preparation of a compound of 
formula (II) as defined above; which process comprises the addition of 
sulphur dioxide to a mixture comprising a disulphide of formula (III): 




(III) 

wherein R 1 , R 2 and W are as hereinbefore defined, a formate salt, 
trifluoromethyl bromide and a polar solvent. The polar solvent is 
generally selected from N,N-dimethylformamide, N,N- 
dimethylacetamide, N-methylpyrrolidinone, dimethylsulphoxide, 
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sulpholane, hexamethylphosphoramide and ethers such as dioxan, 
tetrahydrofuran and dimethoxyethane. It is preferably N,N- 
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidinone, 
dimethylsulphoxide or sulpholane, more preferably N,N- 
dimethylformamide. 

The advantages of performing the process with this order of 
addition are: 

i) the mixture of di sulphide of formula (III), sodium formate, 
trifluoromethyl bromide and polar solvent (preferably N,N- 
dimethylformamide) is stable and so the sulphur dioxide may be added 
more slowly without risk of degradation, thus providing a more 
convenient and safe process, 

ii) the new process is efficient being characterised by good yields 
of product and high transformation of disulphide, and 

iii) the rate of addition of sulphur dioxide may be controlled so 
that any increase in the reaction temperature and/or pressure can be 
maintained at a safe level, thus allowing large scale reactions to be 
performed safely (including for example typical commercial reactors 
having about 15m 3 volume). 

The formate salt is generally an alkali metal or ammonium salt, 
preferably sodium formate. 

The reaction temperature during the addition of the sulphur 
dioxide is generally from 35-55°C, preferably from about 35-50°C, 
most preferably from about 43-47°C, which allows efficient control of 
the heat from the exothermic reaction. Below 35°C the reaction tends to 
proceed too slowly to be useful for an industrial process. At 
temperatures above 55°C the yield and quality of product is reduced. 

The sulphur dioxide is generally added at such a rate that the 
temperature is maintained within the above defined range. On large 
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scales this is generally carried out over a 0.5-2 hour period, preferably 
during about 1-1.5 hours. An addition time of about 1-1.5 hours has 
been shown to be optimal in minimising the formation of by-products. 
The molar ratio of trifluoromethyl bromide:disulphide of formula 
5 (III) is preferably from 3:1 to 5:1. It is convenient to employ a molar 

ratio of about 3:1. 

The amount of sulphur dioxide used is generally from 1.2-1.5 
molar equivalents relative to the disulphide of formula (III) and 
preferably about 1.3 molar equivalents. When only 1 equivalent is 
10 employed the yield of product is lowered and transformation of 

disulphide tends to be incomplete, whilst an excess of sulphur dioxide 
leads to degradation during evaporation of the solvent in the work-up. 

The amount of formate salt used is generally 4-6 molar 
equivalents relative to the disulphide of formula (III), preferably about 
15 4.5-5.5 molar equivalents. A joint reduction in the amount of sulphur 

dioxide and formate salt can be made until the ratio of sulphur 
dioxide.disulphide is from about 1.2:1 and the ratio of formate 
salt:disulphide is from about 4.5:1. 

By using the process according to the above description the 
20 pressure in the vessel is generally easily maintained in the safe range of 

3-6 bars. 

According to a further feature of the present invention there is 
provided a process (C) for the preparation of a disulphide of formula 
25 (III) as defined above; which comprises adding sulphur monochloride • 

(S2CI2) to a solution in an organic solvent of a compound of formula 
(IV): 
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(IV) 

wherein R 1 , and W are as hereinbefore defined. 

The reaction is preferably conducted in a solvent selected from 
toluene, dichloromethane or dichloroethane, or aliphatic or aromatic 
nitriles such as acetonitrile, propionitrile, methylglutaronitrile and 
benzonitrile; or mixtures thereof, optionally as a mixture with 
chlorobenzene (which is present when a chlorobenzene solution of the 
compound of formula (I V) obtained from the previous reaction stage is 
used). Acetonitrile optionally in the presence of chlorobenzene is the 
preferred solvent for the reaction. The reaction is very sensitive to the 
effect of solvent and whilst it may be convenient to use toluene since a 
toluene solution of (IV) may be available from the previous reaction 
stage, a significant amount of the monosulphide (V): 




(V) 
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is generally formed as a by product when these conditions are 
employed. Moreover the product is very slow to filter when toluene is 
employed, although an acceptable filtration rate may be obtained by 
addition of a proportion of acetonitrile to the toluene solution. When the 
5 reaction is performed in the preferred solvent acetonitrile, the amount of 

monosulphide impurity (V) is reduced and the rate of filtration of the 
product (III) is satisfactory. 

The sulphur monochloride used in the process is generally from 
99.4-99.9% w/w pure. 

10 The quality of solvent used may affect the reaction since the 

presence of certain impurities can influence the yield of product (with 
the formation of (V) as by-product). Thus when acetonitrile is employed 
as solvent it is preferred that the content of water is <1000ppm, the 
content of ethanol is <1500ppm and the content of ammonia is 

15 <100ppm. It is also preferable to avoid the presence of even low 

amounts of acetone orN,N-dimethylforrnamide in the solvent mixture 
since, for example, the presence of about 1 OOppm of acetone in 
dichloromethane may have a negative impact on the yield of product. 
The order of addition of the reagents is an important feature of the 

20 reaction. Thus it is very important to add the sulphur monochloride to a 

solution of compound of formula (IV) (rather than the reverse). A rapid 
addition time for the sulphur monochloride is a preferred feature of the 
process. Thus if the sulphur monochloride is added during 1 minute, the 
disulphide (III) crystallises about 1 5 seconds after the completion of the 

25 addition (and all of the compound of formula (IV) has been consumed). 

When added over a 15 minute period the disulphide (III) crystallises in 
mid-addition and as a result the disulphide (III) co-crystallises with the 
remaining compound of formula (IV). Washing the impure product so 
obtained with a large excess of acetonitrile does not effect removal of 

30 the unreacted compound of formula (IV). The time for the sulphur 
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monochloride addition is preferably from 1-10 minutes, more preferably 
about 1 -5 minutes. 

The reaction temperature of the mixture at the start of the addition 
of the sulphur monochloride is preferably from 5 to 25 0 C, more 
preferably from about 10 to 20°C . If the temperature is at 30°C at the 
start of the addition, a lower yield is obtained due to the formation of 
trisulphide and tetrasulphide by-products. As the reaction is exothermic 
the temperature increases during the reaction and is preferably held at 
from about 20 to 35°C. 

The molar ratio of compound of formula (IV): sulphur 
monochloride used in the reaction is generally from 2:1 to 2:1.06, and 
preferably from about 2: 1 to about 2: 1 .04. Using a larger excess of 
sulphur monochloride results in the formation of an increased amount of 
the monosulphide by-product (V). If a lower proportion of sulphur 
monochloride is used the reaction does not proceed to completion. 

A further feature of the process of the invention is the method used 
for the purification of the product. Thus the reaction mixture containing 
the disulphide of formula (III) is first degassed to remove hydrogen 
chloride, generally by heating at about 40°C under reduced pressure, 
generally at about 0.2 atmosphere. It is then heated at about 80°C for 
about 1 hour at atmospheric pressure. After cooling to about 30°C, a 
weak base (generally ammonia) is added to neutralise any remaining 
hydrogen chloride and obtain a pH about 6.5-7. The mixture is then 
cooled to about 5°C and the product isolated by filtration. This 
procedure enables the disulphide of formula (I) to be obtained in high 
yield and purity by a simple procedure convenient for large scale 
operations. 

In formulae (I), (II), (III) and (IV), preferred values of the 
symbols are as follows:- 

R 1 represents haloalkyl (preferably trifluoromethyl), haloalkoxy 
(preferably trifluoromethoxy) or -SF5; 
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W represents -CR 3 ; 

R2 and R 3 represent halogen (preferably chlorine). 
A particularly preferred compound of formula (I) is: 
5-amino- 1 -(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4- 

trifluoromethylsulphinylpyrazole. 

A particularly preferred compound of formula (II) is: 
5-amino- 1 -(2,6-dichloro-4-trifluoromethylphcnyI)-3-cyano-4- 

trifluoromethylthiopyrazole. 

A particularly preferred compound of formula (III) is: 
5-amino-l-(2,6-dichloro-4-trifluoromethylphenyl)-3- 

cyanopyrazol-4-yl disulphide. 

Compounds of formula (II), (III) and (IV) are known. 

According to a further feature of the present invention the 
processes (A), (B) and (C) can be combined to prepare a compound of 
formula (I) from a compound of formula (IV). 

The above processes (A), (B) and (C) when combined together 
form a particularly useful and efficient method for the preparation of 
Fipronil. 

The following non-limiting examples illustrate the 

invention. 

Example 1 

Preparation of 5-amino-l-(2,6-dichIoro-4- 
trifluoromethyIphenyl)-3-cyano-4-trifluoromethyIsulphinylpyrazole 

Trifluoroacetic acid (1660g, 14.5mol) was added to a stirred 
solution of 5-amino- l-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano- 
4-trifluoromethylthiopyrazole (436g, 1.03mol) and boric acid (5g, 
0.08mol) in a glass reactor at 12°C Hydrogen peroxide (131.5g of 
35%w/w, 1.35mol) was added over 2 hours whilst maintaining the 
temperature at 12°C, and the mixture kept at this temperature for a 
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further 4-5 hours. When the transformation had reached 97-98%, or the 
amount of unwanted 5-amino-l-(2,6-dichloro-4-trifluoromethylphenyl)- 
3-cyano-4-trifluoromethylsulphonylpyrazole reached 2% (as judged by 
HPLC analysis), sulphur dioxide was added to quench any remaining 
5 hydrogen peroxide, and the mixture maintained at 10-18°C for 0.5 hour. 

Chlorobenzene (370g) was added and the mixture placed under reduced 
pressure (from 0.17 to 0.04 atmosphere) and heated to 47-50°C with 
azeotropic distillation. A homogeneous fraction containing recovered 
trifluoroacetic acid was obtained. During the distillation additional 

1 o chlorobenzene (1 625g) was added continuously in order to maintain a 

constant volume. At the end of the azeotropic distillation the reactor 
contents were maintained at 47-50°C under reduced pressure (0.04 
atmosphere), and a homogeneous fraction of chlorobenzene distilled. 
After release of the vacuum, the reactor was heated to 40°C, ethanol 

1 5 (207g) and chlorobenzene (235g) added, and the mixture heated to 80°C 

with stirring to give a solution. On cooling to 40°C the product 
crystallised. The reactor was placed under progressively reduced 
pressure (from 0.13 to 0.03 atmosphere) and the ethanol distilled at 
40°C. The vacuum was released and the mixture cooled to 5°C during 

20 3.5 hours and left for a further 0.5 hour. The product was filtered off, 

washed with cold chlorobenzene, then with cold aqueous ethanol, then 
with water, and dried in vacuo at 135°C to give the title compound 
(407. 5g), in a typical yield of 89% and purity of 95.5%. 
Example 2 

25 Preparation of 5-amino-3-cy ano-l-(2,6-dichloro-4- 

trifluoromethylphenyI)-4-trinuoromcthylthiopyrazolc 

Sodium formate (76g, 1.1 lmol) was added to a mixture of 5- 
amino- 1 -(2,6-dichloro-4-trifluoromethy Ipheny l)-3 -cyanopyrazol-4-yl 
disulphide (157.5g, 0.223mol) and N,N-dimethylformamide (643g) in a 
30 glass reactor. After purging with nitrogen at 2 bars, the reactor was 

sealed and trifluoromethyl bromide (101 g, 0.682mol) added. The reactor 
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was heated to 45°C and sulphur dioxide (19.5g, 0.304mol) added over 
1 .5 hours and the temperature maintained between 43°C and 47°C 
during the reaction and for a further 0.75 hour. The pressure was 
released to effect degassing for 1.5 hours, with cooling of the vessel to 
25-30°C 1 hour after the release of pressure. When the internal pressure 
reached atmospheric pressure the mixture was treated with sodium 
bicarbonate and the N,N-dimethylformamide partially evaporated whilst 
heating to 50-70°C at reduced pressure. The residue was cooled to 40°C 
and added slowly to water with stirring at 20-25 °C. The product was 
filtered, washed (hot water) and dried in vacuo at 100°C to give the title 
compound (182.3g) in typical yields of 95% and purity of 96.6%. 
Example 3 

Preparation of 5-amino-l-(2,6-dichloro-4- 
trifluoromethylphenyI)-3-cyanopyrazoI-4-yl disulphide 

Acetonitrile (83 7g) was added to a chlorobenzene solution 
(627. 8g) which contained 5-amino-l-(2,6-dichloro-4- 
trifluoromethylphenyl)-3-cyanopyrazole (366. 6g, 1.14mol). The mixture 
was heated at 50-64°C under reduced pressure (0.5 atmosphere) and 
dried by the distillation of about 45ml of the acetonitrile. After cooling 
to 18°C, sulphur monochloride (77g, 0.57mol) was added rapidly over 1 
minute. The temperature of the mixture increased to 35°C and was 
maintained at 35°C by cooling until the exotherm ceased and for a 
further 0.3 hour. The mixture was then degassed (to remove hydrogen 
chloride) by heating at 40°C under reduced pressure, and then heated at 
80°C for 1 hour at atmospheric pressure. After cooling to 30°C, 
ammonia was added to bring the pH to 6.5-7, cooled to 5°C and the 
product filtered off, washed with chlorobenzene/acetonitrile and dried 
at 95°C under vacuum to give the title compound (365 .2g) in typical 
yield of 89.4% and 98.4% purity. 
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CLAIMS 



A process (A) for the preparation of a compound of 



formula (I): 



CF3SO 




CN 



H 2 N 



R2 



wherein W represents nitrogen or -CR 3 ; 



R* represents halogen, haloalkyl, haloalkoxy, R^S(0) n -, or -SF5; 
R 2 represents hydrogen or halogen; 
R 3 represents halogen; 
R4 represents alkyl or haloalkyl; and 
n represents 0,1 or 2; which process comprises oxidising a 
compound of formula (II): 



wherein R*, R 2 and W are as defined above, with 
trifluoroperacetic acid in the presence of a corrosion inhibiting 
compound. 




(") 



WO 01/30760 



- 20 - 



PCT/EP99/08687 



2. A process according to claim 1 in which the 
trifluoroperacetic acid is generated in situ by the reaction of 
trifluoroacetic acid and hydrogen peroxide. 

3. A process according to claim 1 or 2 in which the corrosion 
inhibiting compound is boric acid. 

4. A process according to claim 1, 2 or 3 in which the amount 
of corrosion inhibiting compound used is about 0.08-0.2 molar 
equivalents. 

5. A process according to any one of the preceding claims in 
which the amount of trifluoroacetic acid employed is from 14-15 molar 
equivalents. 

6. A process according to any one of the preceding claims in 
which the amount of hydrogen peroxide used in the reaction is from 
1.3-1.5 equivalents. 

7. A process according to any one of the preceding claims in 
which the reaction is performed at a temperature of from 10-1 5°C. 

8. A process according to any one of the preceding claims 
which further comprises adding chlorobenzene to the reaction mixture 
on completion of the oxidation reaction, and recovering the 
trifluoroacetic acid by distillation. 

9. A process (B) for the preparation of a compound of 
formula (II) as defined in claim 1; which process comprises adding 
sulphur dioxide to a mixture comprising a disulphide of formula (III): 




(HI) 
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wherein R 1 , R 2 and W arc as defined in claim 1, a formate salt, 
trifluoromethyl bromide and a polar solvent. 

1 0. A process according to claim 9 in which the solvent is 
N,N-dimethylformamide. 

11. A process according to claim 9 or 1 0 in which the reaction 
temperature during the addition of the sulphur dioxide is from 35-55°C . 

12. A process according to claim 9, 10 or 1 1 in which the 
sulphur dioxide is added over a 0.5-2 hour period. 

13. A process according to any one of claims 9 to 12 in which 
the molar ratio of trifluoromethyl bromiderdisulphide of formula (III) is 
from 3:1 to 5:1. 

14. A process according to any one of claims 9 to 13 in which 
the amount of sulphur dioxide used is from 1 .2-1 .5 molar equivalents, 
relative to the disulphide of formula (III). 

15. A process according to any one of claims 9 to 14 in which 
the amount of formate salt used relative to the disulphide of formula 
(III) is from 4-6 molar equivalents, 

16. A process according to any one of claims 9 to 15 which 
further comprises using the resulting compound of formula (II) as a 
starting material in the process as defined in any one of claims 1 to 8. 

17. A process (C) for the preparation of a disulphide of 
formula (III) as defined in claim 9; which process comprises adding 
sulphur monochloride (S2CI2) to a solution, in an organic solvent, of a 
compound of formula (IV): 
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(IV) 

wherein R*, R^ and W are as defined in claim 1. 

1 8. A process according to claim 1 7 in which the solvent is 
selected from toluene, dichloromethane or dichloroethane, or aliphatic 
or aromatic nitriles such as acetonitrile, propionitrile, 
mcthylglutaronitrile and benzonitrile; or mixtures thereof, optionally as 
a mixture with chlorobenzene. 

1 9. A process according to claim 1 7 or 1 8 in which the solvent 
is acetonitrile. 

20. A process according to claim 17, 18 or 19 in which the 
sulphur monochloride is from 99.4-99.9% w/w pure. 

21 . A process according to any one of claims 17 to 20 in 
which, when acetonitrile is employed as solvent, the content of water is 
<1000ppm, the content of ethanol is <1500ppm and the content of 
ammonia is <1 OOppm. 

22. A process according to any one of claims 17 to 2 1 in which 
the time for the sulphur monochloride addition is 1-10 minutes. 

23. A process according to any one of claims 17 to 22 in which 
the reaction temperature of the mixture at the start of the addition of the 
sulphur monochloride is from 5 to 25°C. 

24. A process according to any one of claims 17 to 23 which 
further comprises purifying the disulphide of formula (III) by: 

a) heating the reaction mixture containing the disulphide 
under reduced pressure to remove hydrogen chloride; 

b) heating the resulting degassed reaction mixture at 
atmospheric pressure, followed by cooling to about 30°C; 

c) adjusting the pH of the reaction mixture to 6.5-7 by 
addition of a weak base; and 

d) cooling the mixture to a temperature of about 5 °C and 
isolating the desired disulphide by filtration. 
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25. A process according to any one of claims 17 to 24 which 
further comprises using the resulting disulphide of formula (III) as a 
starting material in a process as defined in any one of claims 9 to 16. 

26. A process for the preparation of a compound of formula 




(I) 

wherein W represents nitrogen or -CR^; 

R 1 represents halogen, haloalkyl, haloalkoxy, R 4 S(0) n -, or -SF5; 

R 2 represents hydrogen or halogen; 

R3 represents halogen; 

R 4 represents alkyl or haloalkyl; and 

n represents 0,1 or 2; which process comprises: 

(a) adding sulphur monochloride (S2CI2) to a solution, in 
an organic solvent, of a compound of formula (IV): 




(IV) 

wherein R 1 , R 2 and W are as defined above, to produce a 
disulphide of formula (III): 
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(HI) 

wherein R 1 , R 2 and W are as defined above; 

(b) adding sulphur dioxide to a mixture comprising the 
said disulphide of formula (III), a formate salt, trifluoromethyl bromide 
and a polar solvent, to produce a compound of formula (II): 

CF3S. ^CN 




(II) 

wherein R 1 , R 2 and W are as defined above; and 

(c) oxidising the said compound of formula (II) with 
trifluoroperacetic acid in the presence of a corrosion inhibiting 
compound. 

27. A process according to any one of claims 1 to 8 or 26 in 
which the compound of formula (I) is: 

5-amino-l-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4- 

trifluoromethylsulphinylpyrazole. 

28. A process according to any one of claims 9 to 16 or 26 in 
which the compound of formula (II) is: 
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5-amino-l-(2,6-dichloro-4-trifluoromethyIphenyl)-3-cyano-4- 
trifluoromethylthiopyrazole. 

29. A process according to any one of claims 1 7 to 26 in 
which the compound of formula (III) is: 

5-amino- 1 -(2,6-dichloro-4-trifiuoromethylpheny l)-3- 
cyanopyrazol-4-yl disulphide. 

30. A process according to any one of the preceding claims in 
which: 

Rl represents trifluoromethyl, trifluorornethoxy or -SF5; 

W represents -CR 3 ; and 

r2 and R 3 represent chlorine. 

31. A compound of formula (I) as defined in claim I when 
produced by a process as defined in any one of claims 1, 16 or 26. 



INTERNATIONAL SEARCH REPORT 


Intet onal Application No 

PPT/FP QQ/0ftfift7 
rL»i/cr jj/ uouo/ 


A. CLASSIFICATION OF SUWECT MAJTER 

IPC 7 C07D231/44 C07D401/04 




Accordinq to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system loll owed by classification symbols) 

IPC 7 C07D 



Documentation searched otner than minimum documentation to the extent that such documents are included in the fields searched 



Elect rone data base consulted dunng the international search (name of data base and. where practical, search terms used) 

EPO-Internal, WPI Data, PAJ, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " 



Citation of document, with indication, where appropriate, ol the relevant passages 



EP 0 295 117 A (MAY & BAKER LTD) 
14 December 1988 (1988-12-14) 
cited in the application 
claims 

EP 0 374 061 A (RHONE POULENC AGROCHIMIE ) 
20 June 1990 (1990-06-20) 
cited in the application 
claims 

EP 0 668 269 A (RHONE POULENC AGROCHIMIE) 
23 August 1995 (1995-08-23) 
claims 



Relevant to claim No. 



1-31 



1-31 



1-31 



□ 



Further documents are listed in the continuation of box C. 



(D 



Patent lamily members are listed in annex. 



• Special categories of cited documents ; 

"A" document defining the general slate of the art which is not 

considered to be" of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority ciaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified'! 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

P* document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious lo a person skilled 
in me a rt. 

document member of the same patent family 



Date ol the actual completion of the international search 

20 June 2000 


Date of mailing of the international search report 

06/07/2000 


Name and mailing address of the ISA 

European Patent Office. P.B. 58t8Patentlaan2 
NL - 2280 HV Rijswijk 
Tel. (*O1-70) 3-40-2040. Tx. 31 651 eponl. 
Fax: (+3 1-70) 340-3016 


Auihonzed officer 

Chouly, J . 



form PCT1SA.210 isecono sneell (JUy »9i2t 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



Inter *nal Application No 

PCT/EP 99/08687 



Patent document 


Publication 


Patent tamily 




Publication 


cited in search report 


date 




member(s) 




date 


EP 0295117 A 


14-12-1988 


AT 


191479 


T 

1 






AU 


618266 


R 

D 


17 lL 1 7 J X 




AU 


1755488 


A 
n 


1 J 1 C 1 7UU 




BR 


8803258 


A 

M 


oi _ni -i QftQ 




CA 


1330089 


A 
M 


07-06-1 QQ4 




CN 


1027341 


D 
D 


I 1 -HI -1 QQ£ 

II U 1 1 3?J 




CZ 


8804052 


A 

M 


1 fi-1 9-1 QQfl 

lO iC 1370 




DD 


281744 


D 
D 


9H-fl9-1 QQ7 
C\j vc. 177 / 




DD 


281744 


A 
A 


99-AQ— 1 QQfl 

C.C. UO l77U 




DE 


3856402 


r\ 
U 


1 1 UD tUUU 




OK 


314088 


A 


1 0—1 9-1 Qftfl 
i D 1 c 1 70O 




EG 


19113 


A 


JU~ 1 l~i?7 < 4 




EP 


0967206 


A 


9Q— 1 9—1 OQQ 

zy— 1^- iyyy 




FI 


882735 


A 


i 1—1 9—i oaa 




FI 


951839 


A 


1 Q— 04— i qqc 




HU 


210668 


B 


/<3~U0~177D 




HU 


48875 A,B 


9fi— A7— 1 QRQ 




HU 


9500470 


A 


A_ 1 QQC 

du-iu— iyyo 




IL 


86492 


A 


AQ— A7— 1 QQO 
Uo U/ — 1770 




IL 


105138 


A 


0£ HQ 1 QQ/1 

^o— uo- iyy*i 




JP 


2669538 


B 


on i n_ 1 QQ7 

^y— iu— iyy/ 




JP 


63316771 


A 


iCD-l^ — 1700 




KR 


9701475 


B 


A£ AO 1 OQ7 




MX 


11842 


A 


A 1 19—1 QQO 




- NO 


175367 


B 


^/-uo-iyy** 




NZ 


224979 A 


db-ub— iyy^ 




NZ 


236896 


A 


OC ftC 1QQO 

zo-ub- lyyz 




OA 


8880 


A 


01 1 A 1 QQO 
Ol— 1U— 1703 




PH 


26895 


A 


AO— 1 O— 1 QQO 

uj iyy^ 




PL 


272998 


A 


f\C AO 1 QQO 

ub-u j— iy<>y 




PT 


87697 


A.B 


0 1 AC 1 QQQ 
J 1— UO— 1307 




R0 


106496 


A 


O 1 AC 1 QQO 




SG 


63529 


A 


OA AO 1 OQQ 

io— u j— iyyy 




SK 


405288 


A 


AC AC 1 QQQ 

uo— ub— iyy© 




RU 


2051909 


C 


in A 1 1 QQ£ 




TR 


23696 


A 


lb-uo-iyyu 




US 


5547974 


A 


20-08-1996 




us 


5714191 


A 


03-02-1998 




us 


5608077 


A 


AA— AO- 1QQ7 
U** Uj 177/ 




us 


5232940 


A 


AO AQ — 1QQO 
U J— UO - 177D 




us 


5916618 


A 


on nc_ 1 QQQ 
£3-UO 1777 




ZA 


8804179 


A 


OO AO— 1 QQQ 
CC UC. 1707 




zw 


7388 


A 


91—1 9— 1 Q8R 

£j — 1C. 1700 


EP 0374061 A 


20-06-1990 


FR 


2640264 


A 


1 C-QA- 1 QQfl 
1 D UO 1 77U 




FR 


2652810 


A 


1 9— (\A— 1 QQ1 

1c U*f 1771 




AT 


107269 


T 


1C_A7_1QQA 

ID U/ 177H 




AU 


640621 


B 


A9— flQ-1 QQ^ 

Uc U3 137J 




AU 


4616489 


A 


91 — AA— 1 QQfl 
C 1 UO 1 77U 




BR 


8906521 


A 


9ft— Aft— 1 QQfl 

C.0 UO 177U 




CA 


2004776 


A 


1 O-flfi— 1 QQfl 
Id UO 137U 




CM 


1043499 


A.B 


04-07-1990 




CZ 


8907022 


A 


i 7-0Q-1QQ7 

1/ V 7 ,137/ 




0E 


68916203 


0 


21-07-1994 




DE 


68916203 


T 


22-09-1994 




DK 


626589 


A 


14-06-1990 




ES 


2055145 


T 


16-08-1994 




FI 


95568 


B 


15-11-1995 



Form PCT1SA.2lO(P«ienir«mrtyennei! {July 1992> 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family member a 



In ten nal Application No 

PCT/EP 99/08687 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 0374061 



EP 0668269 



23-08-1995 



HU 


55738 A.B 


28-06-1991 


IE 


64434 


B 


09-08-1995 


IL 


92639 


A 


16-10-1996 


.IP 


2204477 


A 


14-08-1990 


.IP 
u r 


2746707 


B 


06-05-1998 


r\I\ 


160760 


B 


15-01-1999 


PT 

r 1 


92562 A.B 


29-06-1990 


Rll 


c U*tDD 1 / 


r 
L. 


10-10-1995 


IK 




A 

M 


21-01-1992 


1 K 




A 


01-02-1994 


7 A 




A 


78-08-1991 




2716453 


A 


25-08-1995 


AH 
HU 


678876 


B 


12-06-1997 


All 


1238395 


A 


Jl WO X J J -J 


R P 


9500858 


A 


24-10-1995 


r a 

LA 


2143135 


A 


2^-08-1995 




1110682 


A 


25-10-1995 


cz 


9500461 


A 


18-10-1995 


FI 


950800 


A 


23-08-1995 


HU 


69333 


A.B 


28-09-1995 


JP 


7278106 


A 


24-10-1995 


PL 


307393 


A 


04-09-1995 


RO 


113639 


A 


30-09-1998 


SK 


23495 


A 


13-09-1995 


US 


5618945 


A 


08-04-1997 


ZA 


9501468 


A 


16-02-1996 



Form PCT 1SA.210 i patent lamrfy arme»» iJuty 1992> 



page 2 of 2 



